were assessed. Two independent reviewers extracted the data and identified whether the Hawthorne effect was considered or discussed in the articles and whether the Hawthorne effect was related to the behaviour of the patients, the therapists, or both. Results: The initial search generated 502 possible trials. After applying the inclusion and exclusion criteria, 290 RCTs were included and assessed. The Hawthorne effect was considered or discussed in 10 of 290 RCTs (3.4%), and all were related to the patients' and none to the therapists' behaviour. Conclusions: The Hawthorne effect reported in orthodontic RCTs was suboptimal. The researchers' lack of knowledge about this phenomenon is evident, despite evidence that the Hawthorne effect may cause over-optimistic results or false-positive bias.
Introduction
It is well known that rigorously conducted randomized controlled trials (RCTs) to assess the effectiveness of different treatments may be valuable for the medical and dental care of our patients, as well as for the whole community. The results from RCTs mean that detrimental or ineffective treatments are avoided and replaced by more efficient ones. However, when performing and analysing a trial, researchers must take into account the possibility that the participants' behavioural changes may affect the results of the trial. Four examples of these behavioural changes are the Hawthorne effect, Novelty effect, John Henry effect, and the Pygmalion effect (1) (2) (3) (4) .
The Hawthorne effect is defined as changes in patients' or therapists' behaviour when involved in a trial because of increased knowledge or interest or else due to feeling observed in the trial (1) . The Novelty effect is explained by a tendency for the subjects to want to do better with a new or improved technology because they are intrigued by it rather than the effect being truly based on the variables under study (2) . The John Henry effect is defined as when the control subjects are aware of their status as members of the control group and are able to compare their performance with that of the treatment group, which means that members of the control group may actively work harder to overcome the 'disadvantage' of being in the control group (3) . This may happen when an innovative technology is evaluated and the control group participants behave in an unnatural way to try to outwit the new technology (3) . Finally, the Pygmalion effect is defined as when we expect certain behaviours of others, we are likely to act in a way that makes the expected behaviour more likely to occur (4). Of the phenomena described above, the Hawthorne effect is the most discussed phenomenon in the literature as having an effect and bias in the results of RCTs in the medical and dental fields (5) . The type of bias caused by this phenomenon is a false-positive bias that may lead to over-optimistic results.
The name, Hawthorne, originates from a factory called Hawthorne Works, which was part of the Western Electric Company outside of Chicago. A series of extensive research was conducted focusing on the workers in the factory to investigate the effects that changing the lighting conditions would have on the workers' productivity. It was found that by changing the work environment by increasing or decreasing the lighting conditions, the workers productivity was altered (6) . Since then, the Hawthorne effect has appeared in discussions about clinical trials and has been accused of causing positive bias on the results of medical and dental RCTs (7, 8) .
In 2008, Sandler et al. (8) claimed to have witnessed the Hawthorne effect when performing an RCT comparing palatal implants with the headgear in supplementing anchorage during orthodontic treatment. They wrote in the discussion that 'The headgear patients in the study surprised the clinicians with the speed and efficiency of this method of anchorage supplementation. In some cases, the headgear was discontinued after only five months; on average, headgear wear was continued for nine months. We believed that we had witnessed the Hawthorne effect' (8) . In this example, the investigators noticed the Hawthorne effect, reported it and related the phenomenon to patients' behaviour. However, they did not stress another important consideration or relation of the Hawthorne effect, namely, that the therapist's behaviour may also have changed during the trial. According to the definition mentioned above, the phenomenon affects both patients and therapists. Nevertheless, an ongoing debate is present in the literature to determine whether this phenomenon is a myth or true and whether it smears our trial results with false-positive bias and a wrong presentation of real clinical situations. A review (5) was assessed to determine whether the Hawthorne effect exists, and if so, to explore under what conditions and estimate the size of such an effect. The conclusion confirmed the presence of this phenomenon but without any conclusion about the condition that led to it or its magnitude (5).
Consequently, the Hawthorne effect may be an important factor affecting clinical trial results in orthodontics, but to our knowledge, no attempt has ever been made to evaluate to what extent the Hawthorne effect is considered in RCTs in orthodontics. Therefore, the aim of this study was to investigate, in 10 orthodontic journals, how many RCTs considered the Hawthorne effect; if it was considered, to determine whether the Hawthorne effect was related to just the patients or also to the therapist involved in the trial; and, finally, to discuss the role of the Hawthorne effect from an educational point of view and from an orthodontic research perspective.
Materials and methods
The inclusion criteria were human RCTs that used the individual as a unit, and thus, RCTs applying split-mouth design were excluded. Each article was selected and the data were extracted by two independent reviewers. If randomization was obvious from the title and abstract of the trial, the full text of the trial was read to verify and clarify the study design according to human RCTs. Then, the full text was reviewed to identify whether the Hawthorne effect was considered or discussed in the article and whether the Hawthorne effect was related to the behaviour of the patients, therapists, or both. And finally, to cross-check against the database search, the 10 journals were hand searched for the actual search period.
At the title, abstract and full-text screening stages as well as for dichotomous and categorical variables during data extraction, the number of inter-examiner agreements and disagreements were noted and calculated for the assessment of agreement. Then, all the disagreements were discussed and resolved by discussion to reach consensus. Kappa score was used to measure the level of agreement, and the degree of agreement was 0.91 (i.e. an excellent agreement) (9) .
Results
The initial search generated 502 possible concordant trials. Twohundred and twelve trials were excluded based on the inclusion and exclusion criteria, i.e. 93 split mouth design, 75 in vitro studies, and 44 prospective controlled or retrospective studies. Consequently, 290 RCTs were included and assessed, and the number of RCTs per journal is presented in Table 1 .
The Hawthorne effect was considered or discussed in 10 of 290 RCTs (3.4%). Five RCTs were found in AJODO, three in AO, and two in EJO.
All 10 RCTs related the Hawthorne effect to the patients' behavioural changes without including the therapists (2, 8, 10-17) ( Table 2 ). Four of the RCTs evaluated different oral hygiene protocols or instruments (2, 10, 15, 16) , one analysed Streptococcus mutans counts in two groups of different retainers (11) , another trial investigated the influence of different bracket types on halitosis and periodontal conditions (12) , while Wiedel and Bondemark (13) compared fixed and removable appliances for correction of anterior cross bite (Table 2 ). In the trial by O´Rourke et al. (14) , the Hawthorne effect was discussed in the context of not using special monitoring sensors (TheraMon), which are usually used to check patients' compliance. The trial avoided using the sensors because it was thought that the patients would feel followed or monitored if used. In the trial by Sandler et al. (8) , the Hawthorne effect was related to the unexpected excellent compliance with the headgear use, and finally, in the study by Yaqoob et al. (17) , the Hawthorne effect was discussed in relation to the overall good compliance with the daily use of functional appliances (Table 2) .
Discussion
The main findings of this survey were that very few orthodontic RCTs considered the Hawthorne effect (3.4%). Furthermore, the few RCTs that did consider the Hawthorne effect related it to only 
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Hawthorne effect Bowen et al. 2015 (2) It is possible that oral hygiene improved because of performed bias that could be introduced in this study from the Hawthorne and novelty effects. The Hawthorne effect is a form of reactivity in which subjects improve or modify an aspect of their behaviour being experimentally measured simply in response to the fact that they are being studied, not in response to any particular experimental manipulation. Sandler et al. 2008 (8) The headgear patients in the study surprised the clinicians with the speed and efficiency of this method of anchorage supplementation. In some cases, the headgear was discontinued after only five months; on average, headgear wear was continued for nine months. We believed that we had witnessed the Hawthorne effect. Zinger et al. 2014 (10) In addition to the impact of overall oral hygiene level of the current study population, MacGregor and RuggGunn (1986) pointed out that awareness of being observed may change brushing behaviour (Hawthorne effect). Farhadian et al. 2016 (11) Patients who participate in such a clinical trial pay more attention to their oral hygiene, independent of the treatment modality (Hawthorne effect). However, it seems that the use of silver nanoparticles has a significant impact on reducing the colonization of cariogenic bacteria. Kaygisiz et al. 2015 (12) The results of this study showed no significant differences in plaque index, gingival index, pocket depth, and bleeding on probing values changes during the treatment or observation time among the groups. This may be attributed to the effect of an oral hygiene supplement given before the treatment/observation and motivation of the patients. It can also be attributed to the Hawthorne Effect (patient awareness of being examined and evaluated). Wiedel and Bondemark 2015 (13) However, it must be acknowledged that clinical trials run the risk of the Hawthorne effect (positive bias), whereby subjects tend to perform better when they are participants in an experiment. Consequently, the Hawthorne effect has influence on both groups, i.e. the patients were more compliant than the average orthodontic patients in everyday orthodontic practice. O´Rourke et al. 2016 (14) The Hawthorne effect was discussed from the perspective not to use special monitoring sensors (TheraMon), which usually are applicated to check patients' compliance. The sensors were avoided to be used in the trial because if used, it was regarded that the patients should feel followed or monitored. Sharma et al. 2008 (15) The plaque reduction in the dental water jet group was significantly greater than in the flossing and manual toothbrush groups, but the reduction of interproximal bleeding did not reach significance at 28 days. This might be attributed to the subjects' response to the reduction of plaque or the quality of their plaque, the required twice daily brushing for 2 min, and the possible improved technique for brushing and flossing because of being subjects in a clinical study (Hawthorne effect). Costa et al. 2010 (16) The sequence distribution of the patients was done to eliminate the influence of the Hawthorne effect on the results, after each type of brush was used by a group of patients in the three periods of the study. Yaqoob et al. 2012 (17) Compliance overall in this study compares favourably with that in previous studies, and although it is difficult to ascertain why this is so, it is probably, at least in part, due to careful clinical management, the experience of the supervising clinician (Dr DiBiase) with the appliance, and possibly the fact that the patients knew they were in a study.
the patients' behaviour and never to the therapist involved in the trial, even though it is clearly mentioned in the definition of the Hawthorne effect that the therapist's behaviour can also be included. It was noticed that trials investigating oral hygiene methods reported the Hawthorne effect more frequently, however, without any real explanation for this fact. Despite RCTs are considered the best way to minimize bias, wrong randomization procedures, missing data, and noncompliance are some of the biases that can occur within the RCT's design affecting their external and internal validity (18) (19) (20) . All these types of bias are involved in the CONSORT guidelines, which most of the orthodontic journals require adherence to before publishing a paper. However, the Hawthorne effect is not included in the CONSORT guideline keys (21) , and conceivably, this fact may explain why so few RCTs reported or considered the Hawthorne effect.
The reason for excluding RCTs with split-mouth design was that the Hawthorne effect will always affect the treatment/treatment or treatment/control simultaneously within the mouth, while in an RCT using the individual as a unit in one group and not included in another group, the Hawthorne effect can affect the groups in a varying degree, and thereby, the consequences can be different per group.
When we analysed in detail the RCTs that did not consider the Hawthorne effect, a majority of those still reported or witnessed shortterm unusual treatment results without considering the Hawthorne effect as a possible cause. Thus, it can be recommended to be aware of and take into account the Hawthorne effect in RCTs, especially when unusual compliance rates or results are reached. Sandler et al. (8) noticed patients' unusual compliance with headgear, i.e. the headgear patients in the study surprised the clinicians with the speed and efficiency of headgear anchorage supplementation, and reported that they witnessed the Hawthorne effect. A similar finding was reported by Feldmann (22) , who reported that the headgear even moved the molars distally during the first 6 months of using the headgear anchorage, but during the following 12 month treatment period, anchorage loss of just over 1 mm was found in the headgear group. Feldmann (22) claimed that the high level of patient cooperation during the first 6 months could partly be attributed to the Hawthorne effect.
An interesting finding of the different intensities of the Hawthorne effect was evident in a trial that evaluated the effect of a sensor (TheraMon) that recorded how long (in hours) the patients used a removable orthodontic appliance (23) . There were two groups. In one group, the patients were aware of the sensor that measured how long they used the appliance, while in the other group, the patients had no knowledge of the sensor. It was found that the patients who were aware of the sensor used the appliance significantly more than the patients in the other group (20) . This example indicates that the patients in both groups were influenced by the Hawthorne effect. However, the patients in the group aware that their use of the removable appliance would be evaluated with a sensor (in addition to being aware of participating in the trial), adapted even more by using the removable appliance more often. Thus, researchers who incorporate sensors to check patients' compliance in a trial should be aware of a particular behaviour phenomenon, i.e. the Hawthorne effect and a sensor effect.
One strength of this study was that two independent reviewers searched for and critically brought data to this survey. An excellent agreement (Kappa score of 0.91) was found for the reviewers. Other strengths were the long time span of 10 years search duration and that 10 orthodontic journals have been included and reviewed.
Is the Hawthorne effect true or a myth?
As earlier mentioned, Sandler et al. (8) claimed to have witnessed the Hawthorne effect when performing an RCT comparing palatal implants with the headgear in supplementing anchorage during orthodontic treatment, and in the ten RCTs found in this survey, the Hawthorne effect was discussed and related to patients' behaviour. Also, many studies in the medical fields have investigated the Hawthorne effect. One study (7) attempted to quantify the Hawthorne effect, and in that study, the aim was to compare minimal follow-up to intensive followup in participants in a placebo-controlled trial of Ginkgo biloba for treatment of mild-to-moderate dementia. It was found that the group with intensive follow-up had significantly better results, as measured by their cognitive functioning, and this was attributed to the Hawthorne effect (7) . However, in another study (24) , the Hawthorne effect on the therapists was analysed by determination of obstetricians' clinical estimation of foetal weight (EFW). The obstetricians in the experimental group were informed that their EFW accuracy should be studied but without them being aware that the investigators were evaluating the Hawthorne effect. The control group consisted of obstetricians who made their EFW before the study was conducted and without knowing that they were observed. The conclusion was that EFW accuracies were similar between the groups without any bias caused by the Hawthorne effect (24) . Finally, a systematic review concluded that the Hawthorne effect was considered a true effect and not a myth. Thus, the Hawthorne effect may bias our study results but without knowing its magnitude and under which conditions it may be raised (5) .
Is the Hawthorne effect a blessing or a curse?
When performing RCTs, the Hawthorne effect is often regarded as a curse because the phenomenon can cause changes in participants' behaviour during the trial, thus making them perform better when compared with real-life clinical situations. As a result, overestimated results, i.e. false-positive bias, may be a consequence of this phenomenon (5, 7).
In contrast, the Hawthorne effect may be viewed as a blessing when the manipulation of the results is wanted. A recent systematic review concluded that the main behaviour attributed to Hawthorne effect disappeared after a 6 month trial period (5) . This also means that if the researchers shorten the observation period as much as possible (<6 months), the participants will easily adapt and fulfil their 'good trial behaviour' during this short observation period. Thus, a shortening of the trial period will result in a relatively greater Hawthorne effect, which may affect the results implying a higher positive bias than if a long observation period had been chosen (5) . Therefore, if we want to decrease the Hawthorne effect on the behaviour of study participants and therapists in a trial, setting an observation period that is longer than 6 months is recommended.
Given that orthodontic studies may include observation periods from a few days to several decades of follow-up, it may therefore be important to be aware and understand that the Hawthorne effect is likely to be the greatest for short-term studies and practically nonexistent for long observation periods of several years. In any case, the Hawthorne effect should be regarded as neither a blessing nor a curse, but instead, depending on the study design, considered a factor that can contribute to positive bias of the results obtained.
Recommendations
• Always analyse and report unexpected overestimated results and discuss whether the Hawthorne effect is a possible explanation for these unexpected results.
• Be aware that a short observation period often implies the increased risk of the Hawthorne effect, and if the study design allows for it, plan a longer observation period than 6 months to minimize the Hawthorne effect.
Conclusion
In this survey, only 3.4% of the RCTs reported the Hawthorne effect despite indications that the other RCTs that did not consider the Hawthorne effect should have regarded this effect as a possible source of false-positive bias. All the RCTs related the Hawthorne effect to the patients' behavioural changes without including the therapists. Evidence exists that the Hawthorne effect on patients' performance and behaviour is to be considered a true effect and not a myth; however, there is no evidence that the therapists' behaviour may also be affected. The Hawthorne effect should be regarded as neither a blessing nor a curse, but it is important to be aware that the Hawthorne effect is likely to be the greatest for short-term trials and practically non-existent during long observation periods of several years.
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